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MORPHOLOGY  AND  ECOLOGY  OF 
DIATOMS  IN  SEA  ICE  FROM 
THE  WEDDELL  SEA 

D.B.  Clarke,  S.F.  Ackley  and  M.  Kumai 


INTRODUCTION 

Diatoms  are  major  primary  producers  of  micro¬ 
bial  biomass  in  the  Antarctic.  They  are  found  both 
in  the  water  column  and  in  sea  ice.  Primary  pro¬ 
duction  of  diatoms  in  the  water  column  has  been 
used  in  the  past  to  determine  the  productivity  of 
the  Southern  Ocean. 

During  the  winter,  sea  ice  covers  20  x  10‘  km2 
of  the  Southern  Ocean  surface,  but  in  the  summer 
melts  back  to  cover  3  x  10‘  km2.  Two  processes 
enhance  the  effect  of  sea  ice  on  primary  produc¬ 
tion.  From  fall  to  spring,  sea  ice  reduces  light  pen¬ 
etration,  thereby  diminishing  production  in  the 
water.  As  light  returns  in  the  spring,  diatoms  in 
the  ice  begin  to  reproduce  (Buynitsky  1977,  Hoshi- 
ai  1977,  Meguro  et  al.  1967).  In  the  late  spring,  as 
the  ice  melts,  the  diatoms  contained  in  the  sea  ice 
are  released  into  the  water  column.  Depending  on 
the  extent  of  reproduction  within  the  ice,  the  po¬ 
tential  contribution  of  diatoms  in  sea  ice  to  overall 
productivity  could  be  significant. 

Measurements  of  chlorophyll  a  concentrations 
indicate  the  amount  of  viable  plant  material  pres¬ 
ent.  Peak  chlorophyll  a  concentrations  ranging 
from  3.8  to  2100  mg/m1  have  been  reported  for 
different  ice  types  and  are  considerably  higher 
than  in  adjacent  surface  waters  (Ackley  et  al. 
1979,  Bunt  1963,  Burkholder  and  Mandelli  1965, 
Clarke  and  Ackley,  in  press,  Garrison  and  Buck, 
in  prep.,  Hoshiai  1977,  Meguro  1962,  Sullivan  and 
Palmisano  1981).  One  question  to  consider  is 


whether  these  concentrations  are  due  to  mechani¬ 
cal  incorporation  alone  or  are  a  result  of  diatom 
growth  in  a  protected  environment. 

Three  different  ice  types  (frazil,  congelation, 
and  snow  ice)  have  been  found  in  the  drifting  pack 
of  the  Weddell  Sea  (Clarke  and  Ackley,  in  press). 
Weeks  and  Ackley  (1982)  have  described  in  detail 
the  formation  processes  for  both  frazil  and  con¬ 
gelation  ice.  Briefly,  frazil  ice  is  associated  with 
dynamic,  turbulent  conditions  in  the  water  col¬ 
umn  where  small  (  •v  1  mm)  ice  crystals  form, 
usually  at  high  growth  rates  (>  1  cm/hr).  These 
crystals  are  advected  downstream  by  wind- 
induced  circulation  in  the  water  column  and  pile 
up  into  substantial  thicknesses  of  ice  in  a  short 
time  period.  Gow  et  al.  (1982)  reported  up  to  50D'o 
frazil  ice  during  their  1980  cruise,  while  Clarke 
and  Ackley  (1982)  and  Ackley  et  al.  (1982)  found  a 
predominance  of  frazil  (7007o)  during  their  1981 
cruise.  In  direct  contrast  to  frazil  ice,  congelation 
ice  forms  as  large  columnar  grained  crystals  (  ^  1 
cm)  resulting  from  the  slow  removal  of  heat  from 
the  water  under  an  existing  ice  sheet.  After  a  few 
centimeters  of  ice  have  formed,  the  low  thermal 
conductivity  of  the  ice  limits  the  heat  transfer  and 
prevents  growth  rates  greater  than  1  mm/hr,  and 
the  rate  continues  to  decrease  as  the  ice  thickens. 
Congelation  ice  therefore  forms  more  slowly  and 
over  periods  on  the  order  of  several  weeks  to 
achieve  the  thicknesses  reported  by  Clarke  and 
Ackley  (1982).  The  third  ice  type — snow  ice— is 
associated  with  the  ridge-building  process  in  the 


Weddell  region.  Ice  floes  in  the  Weddell  Sea  may 
be  covered  by  up  to  30  cm  of  snow  (Clarke  and 
Ackley  ,  in  press).  As  ice  floes  collide  and  deform, 
they  form  ridges,  the  ice  sheet  is  depressed  below 
sea  level  by  the  weight  of  the  ice  piled  up  in  the 
ridge,  and  the  snow  at  the  base  of  these  ridges 
often  becomes  infiltrated  with  sea  water.  Subse¬ 
quent  freezing  creates  snow  ice. 

From  prior  observations  it  appears  that  frazil 
ice  initially  concentrates  biological  material, 
whereas  congelation  ice  tends  to  reject  it.  Ackley 
(1982)  and  Garrison  et  al.  (in  press)  have  suggested 
two  physical  mechanisms  to  account  for  the  high 
concentrations  of  algae  in  young,  thin  ice  samples: 
scavenging  and  nucleation.  Reproduction  alone 
cannot  be  responsible  for  high  concentrations  in 
this  ice  since  doubling  times  are  insufficient  rela¬ 
tive  to  the  age  of  the  ice.  A  conservative  estimate 
of  the  age  of  the  ice  is  24  hours,  the  ice  growth  rate 
being  1  cm  hr  '  (Weeks  and  Ackley  1982).  The 
chlorophyll  concentration  is  up  to  50  times  higher 
in  the  ice  than  in  the  surface  water.  Therefore,  us¬ 
ing  a  doubling  time  of  0.75  doublings/day" a 
minimum  of  8  days  would  be  required.  Ackley 
(1982)  and  Garrison  et  al.  (in  press)  suggest  that 
concentration  by  ice  nucleation  occurs  when  frazil 
ice  crystals  nucleate  on  suspended  algal  cells.  In 
addition,  ice  scavenging  occurs  as  a  frazil  ice 
crystal  travels  through  the  water  column  to  the 
surface  and  collides  with  particles  along  the  way. 
Unlike  nucleation,  through  scavenging,  each  frazil 
ice  crystal  may  collect  several  particles  rather  than 
only  one. 

Contrary  to  expectation,  however,  the  highest 
chlorophyll  values  reported  are  from  congelation 
ice  near  McMurdo  Sound  and  Syowa  Station 
(248-2100  mg/m’)  rather  than  from  frazil  ice 
(Bunt  1963,  Hoshiai  1977,  Sullivan  and  Palmisano 
1981).  Intermediate  values  are  found  in  the  snow 
ice  from  Syowa  Station  and  off  the  Palmer  Penin¬ 
sula  (407-670  mg/m')  (Burkholder  and  Mandelli 
1965,  Meguro  1962),  and  the  lowest  values  are 
found  in  the  predominantly  frazil  ice  of  the  Wed¬ 
dell  Sea  (3.8-29.7  mg/m’)  (Ackley  et  al.  1979, 
Clarke  and  Ackley,  in  press.  Garrison  and  Buck, 
in  press).  Thus  it  would  appear  that  several  proc¬ 
esses  (scavenging,  nucleation,  and  growth)  are  re¬ 
sponsible  for  algal  concentrations,  depending  on 
the  ice  type.  To  determine  to  what  extent  the  phys¬ 
ical  environment  of  the  ice  affects  the  biological 
community,  we  compared  the  species  composition 
and  abundance  between  cores  with  only  one  ice 
type  and  those  with  alternating  ice  types. 

In  addition  to  ice  algae’s  potential  contribution 
to  total  productivity,  it  has  been  hypothesized  that 


they  may  be  a  "seed  population"  that  is  respon¬ 
sible  for  the  spring  bloom  in  the  water  column. 
Diatoms  that  are  still  viable  after  overwintering  in 
the  ice  may  be  the  nucleus  of  the  spring  growth 
after  meltout.  To  confirm  this  it  is  necessary  to  de¬ 
termine  species  composition  in  the  ice,  rather  than 
just  chlorophyll  concentrations,  and  to  identify 
those  cells  with  intact  organic  material.  To  this 
end  we  have  examined  settled  samples  under  an  in¬ 
verted  light  microscope  to  determine  the  ratio  of 
empty  to  full  cells.  We  have  also  delineated  the 
species  composition  in  our  Waddell  Sea  pack  ice 
samples  with  illustrative  scanning  electron  micro¬ 
scope  (SHM)  micrographs  of  the  morphologic 
characteristics  of  each  species  for  future  compari¬ 
sons  with  water  column  assemblages. 

The  SEM  provides  the  high  resolution  necessary 
to  resolve  internal  and  external  features  and  thus 
allows  positive  species  identification.  Some  of  the 
morphologic  features  that  are  readily  apparent 
under  SEM,  but  not  always  under  the  light  micro¬ 
scope,  are  the  central,  labiate,  and  marginal  proc¬ 
esses  of  the  Thalassiusira  and  the  labiate  and  strut¬ 
ted  processes  of  the  Porosira  (see  Appendix  B  for 
terminology).  Other  features,  indistinguishable 
without  SEM,  are  the  puncta  forming  the  the  fine 
striae  on  some  of  the  Nitzschias  or  the  puncta  on 
the  girdle  bands  of  several  centric  species.  In  addi¬ 
tion,  some  of  the  Sitzschia  specimens  in  our 
samples  are  quite  small  (2-5  gm)  and  would  not  be 
identifiable  without  the  SEM. 


MATERIALS  AND  METHODS 

During  a  cooperative  scientific  expedition 
(WEPOLEX)  between  the  United  States  and  the 
U.S.S.R.,  the  NES  Mikhail  Somov  maneuvered 
within  the  pack  ice  of  the  Weddell  Sea  from  22  Oc¬ 
tober  to  13  November  1981  (Fig.  I)  (Gordon  and 
Sarukhanyan  1982).  Two  types  of  ice  samples 
were  obtained:  ice  cores  and  ice  chunks.  The  cores 
were  drilled  using  a  USACRREL.  7.6-cm  ice¬ 
coring  auger,  while  chunks  weighing  a  few  kilo¬ 
grams  and  composed  primarily  of  snow  ice  were 
retrieved  either  from  the  open  water  cleared  by  the 
ship  or  from  newly  formed  ice  ridges.  Different 
techniques  were  employed  to  prepare  samples  for 
examination  with  the  SEM  and  the  optical  and  in¬ 
verted  light  microscopes. 

For  optical  light  microscope  analysis,  the 
samples  were  melted  and  filtered  through  a  ().4-/<m 
Millipore  or  Nueleopore  filter.  The  diatoms  were 
then  washed  off  the  filter  and  decanted  into  centri¬ 
fuge  tubes.  Additional  distilled  water  was  added 
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Figure  1.  Cruise  track  of  the  NES  Mikhail 
Somov  during  the  U.S.-U.S.S.R.  Weddell 
Polvnya  Expedition ,  October- November  1981, 
and  the  relationship  of  the  study  area  to  Ant¬ 
arctica.  Total  ice  cover  in  the  area  is  given  in 
tenths. 


to  each  sample  to  bring  the  total  volume  to  90  ml. 
The  samples  were  then  centrifuged  for  5  minutes 
at  1500  rpm,  the  supernatant  liquid  was  siphoned 
off,  and  more  distilled  water  was  added.  This  rins¬ 
ing  procedure  was  repeated  three  times  to  remove 
salt  crystals.  After  the  last  rinse,  0.1  ml  of  the  resi¬ 
due  was  pipetted  onto  a  24  x  50  mm  coverslip  and 
heated  until  dry.  The  coverslip  was  then  affixed  to 
a  glass  slide  using  Aroclor  5442  (refractive  index 
1.6)  and  was  subsequently  observed  under  a  l.eit/ 
optical  light  microscope  with  a  I00X  oil  immer¬ 
sion  lens  (total  magnification  IOOOX). 

For  the  SEM  study,  the  samples  were  melted 
and  then  cleaned  of  organic  material  to  obtain  op¬ 
timum  clarity.  Fifty  milliliters  each  of  hydrogen 
peroxide  OO^o)  and  hydrochloric  acid  (30^o)  were 
added  to  a  melted  sample,  which  was  gently  boiled 


for  20  minutes.  Distilled  water  was  added  to  bring 
the  volume  to  1  liter,  and  the  sample  was  trans¬ 
ferred  to  centrifuge  tubes.  The  rinsing  procedure 
cited  above  was  used  to  remove  inorganic  residues 
and  salt  crystals.  Subsequently,  3  to  20  ml  of  sam¬ 
ple  was  filtered  through  a  0.4-;im  Nucleopore 
filter  to  obtain  a  suitable  concentration  of  dia¬ 
toms.  The  filter  was  affixed  with  double-stick  tape 
to  a  sample  mount  and  coated  with  palladium 
gold  (40:60)  vapor  to  a  thickness  of  about  100  A  in 
a  vacuum  chamber.  An  accelerating  voltage  of  20 
kV  was  used  to  examine  the  sample  on  a  Hitachi 
S-500  SEM. 

Samples  for  the  inverted  light  microscope  were 
melted  and  several  milliliters  of  4°o  buffered 
formaldehyde  were  added.  Samples  were  agitated 
and  10  ml  was  poured  into  a  counting  chamber. 
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Figure  2.  Core  profile  of  22- 10 -N  showing  salinity, 
fluorescence,  nutrients  (silicic  acid,  phosphate,  nitrate,  nitrite/, 
and  structure  vs  depth.  In  the  structural  cartoon,  circles  'ri¬ 
dicule  frazil  ice  structure. 


The  aliquot  was  allowed  to  settle  for  24  hours 
prior  to  examination  under  a  Zeiss  microscope 
(total  magnification  500-800X). 


RESILTS 

Two  ice  cores  and  an  ice  chunk  were  obtained 
on  10  November  1981,  at  60'  17  S,  0°  15.3  E. 
The  ice  chunk  (10-N/K)  was  composed  of  snow 
ice  (sea-water-infiltrated  snow  );  ice  core  22-10/N 
(54  cm  long)  was  all  frazil  ice;  and  ice  core 
23-10/N  (59  cm  long)  had  16  cm  of  congelation 
ice  at  the  bottom  overlain  by  43  cm  of  frazil  ice. 
Structural  and  salinity  profiles  for  these  two  cores 
are  shown  in  Figures  2  and  3. 

Samples  of  the  ice  chunk  were  examined  under 
the  SEM  and  the  optical  light  microscope,  samples 
of  core  22-10/N  were  examined  under  the  SEM 
and  the  optical  and  inverted  light  microscopes, 
and  samples  of  core  23-10/N  were  only  observed 
under  the  inverted  light  microscope.  When  com¬ 
paring  species  differences,  therefore,  one  must 
take  into  account  the  different  preparation  tech¬ 
niques  involved  as  well  as  the  optical  qualities  of 
the  microscopes.  These  differences  as  they  pertain 
to  different  techniques  are  discussed  in  Appendix 
B. 

Figures  4a  and  4b  are  schematic  representations 
of  pennate  and  centric  diatom  frustulcs  il- 


Salinity  (%» ) 


0  2  4  6  8 


Core  23-10/N 
Long  O'l  5'  E 
Lot.  60°  I  7'  S 


Figure  3.  Core  profile  of  23-10  S  show¬ 
ing  salinity,  fluorescence,  nutrients  (silicic 
acid,  phosphate,  nitrate,  nitrite/,  and 
structure  vs  depth.  In  the  structural  car¬ 
toon,  circles  indicate  frazil  ice  structure 
and  vertical  lines  show  congelation  or  col¬ 
umnar  ice  structure. 


lustrating  their  various  components.  Some  of  the 
more  common  morphologic  characteristics  used  to 
identify  species  are  the  valve  outline  and  di¬ 
mensions,  the  pattern  of  areolation,  the  presence 
or  absence  of  a  raphe  or  pseudoraphe,  the  type 
and  arrangement  of  processes,  and  the  number 
and  arrangement  ot  intercostal  poroids.  (Appen¬ 
dix  B  define^  he  taxonomic  features.)  Whole 
frustules  (Fig.  5)  well  as  separated  valves  (Fig. 
6)  and  girdle  bands  (Fig.  7)  were  observed  under 
the  SEM,  but  relatively  few  fragments  were 
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future  Nil/schia  s p.  J  complete  Iriistule s 
tohlu/ue  view/.  (  tisiae  and  poroids  on  valve  Un  e 
are  usihle.  a s  i//r  //;<■  ttirdle  /ninth.  H  ////«■  /></r  (// 
hot  hint  '  i,  tn. 


future  6  Nii/schia  curia,  /no  valves  of  <;  tnistide 
t interior /  in///  itirdle  hands  still  attached  to  hath 
wives.  (  Dstae  and  double  tow  s  o/  porouh  arc  <i  < 
(Ye///.  White  bar  at  bottom  »//; 


found.  I  ndoubtcdlv  1 1 ic  sepaiation  cl  hum  .'!  :  .1 
fnistulcs  was  a  result  cl  1  he  ac id  cl'.ci 1 1 lie  ii\h 
mque  we  employed.  I  ci  [he  mesi  p.ut.  t lie  salve- 
wore  ill  good  eoikliiicn.  1  lie  solao  cl  (  h.uetoi  t ■/ •  <\ 
were  the  must  susceptible  ic  breakage. 

In  i he  three  samples  taken  cn  10  Novemhei  12 
genera  and  23  species  were  ideniilied  (>t  ilicse. 
eight  species  were  nci  identified  at  the  species  le'  el 
hm  were  given  numeric  designations.  I  1 1 teen  cl 
ihe  species  were  observed  m  only  one  ot  the  thiee 
samples.  Of  these,  only  three  (( 'huetueeros  tiei'dix 
turn  Karsten.  Xitcsehiu  leenmtei  V 'an  Heutck.  and 
Thatassiosira  nr  uvula  (level  were  seen  more  than 
once  in  a  sample,  but  still  not  in  significant  quanti 
ties.  Table  I  lists  all  of  the  species  identified  lioni 


/inure  7.  Girdle  hands  of  a  eenirie  diatom 
(oblique  view/.  W  hite  bar  at  bottom  >  i,m. 

Table  1.  Diatoms  identified  under  optical,  inverted,  and  scanning  electron 
microscopes. 

Present  in 

Composite  species  list  10  .XK  22-10  X  2.1-10  X 


Actinncyclus  acnnochitus  (Lhrenberg)  Simonson 
Asieromphatus  hyalinus  Karsten 
Chaetoceros  dichaeta  lhrenberg 
Chueinceros  gracilis  Schutt 
Chaetoceros  neg/eaum  karsien 
Chaetoceros  sp.  7 

Dactyhosoten  amarciicus  Casiraeane 

Xavicula  sp.  I 

Xavicula  sp.  2 

Xuzschia  angulata  Haste 

.Xuzschia  clnsrerium  (threnberg)  W.  Smith 

Xuzschia  curia  (Van  Heurck)  Haste 

Xuzschia  cylmdrus  (Grunow)  Haste 

Xuzschia  kergueienst.s  (O’Meara)  Hasle 

Vr izschia  lecomtei  Van  Heurck 

Xuzschia  pruinngatoides  Hasle 

Xuzschia  ruscheri  (Husiedt)  Hasle 

Xuzschia  suheurvata  Haste 

Xuzschia  iurgululoides  Hasle 

Xuzschia  sp.  I 

Xuzschia  sp.  2 

Pnrosira  pseudodenliculata  (Husiedt)  louse 
Phizosolema  aluta  Brighissell 
Synedra  sp.  1 

Thatassiosira  amhigua  Korlova 

Thatassiosira  frenguelh  Ko/lova 

Thatassiosira  gracilis  var.  gracilis  (Karsten)  Huslcdi 

Thatassiosira  gravida  C'leve 

Thatassiosira  tenuginnsa  ( lanisch)  f  ryxcll 

Thatassiosira  sp.  i 

7 halasstosira  sp,  2 

Thalassiothris  aruarcuca  Stumper 


I rnpidoneis  glaciah s  Heiden 


Table  2.  All  species  identified  under  (he 

inverted  light  microscope  in 

ut-  EiinA  22-10  N 

and  23-10  \  and  the  number  of  full  and  emptv  cells  liter  of 

fait). 

22  in  \ 

2  f  \ 
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/  ”7'-* 
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i  "*6 
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1  < 

.in-  1  2  ■  |o 

Sitzschia  curia 

2  2 

■  in*  2  '  •  or 

Sitzschia  c\hmirus 

i  : 

to* 

1  .- 

■id’  2  3  •  |0 

\uzschta  kernuelenus 

;  < 

.  in-  1  i  •  i-f 

Sitzschia  leu •intei 

1  3 

■  1  o* 

Sitzschia  pnd»nnatnides 

1  .■* 

•  in-  2o  •  lo 

\  itz'chta  s uheurvata 

2.0 

10 

2  fi 

■  in  2  ^  •  1"* 

SilZ'chia  turqiduhndc s 

40  -  in 

2  n 

■  lo  22-  lo* 

Svnedra  sp.  1 

2  6 

10* 

Jhala^siothrix  an  tare  tic  a 

2  3  *  in 

lr<  >pui<  >neis  e/acidus 

9  6 

10*  1  o  .  )0* 

2  o 

■  10’  2  6  ■  lo 

Sitzschia  (f  ragilanopsis  group) 

3  s 

■  lo*  1  2  •  10 

I  otals 

3.4 

10'  4  4  ’  10* 

9  0 

•  lo-  1  <  •  10* 

Archaeomonads 

1.4 

10*  20  -  10 

1  9 

■  10* 

Choanoflagellida 

4.0 

10’ 

1  1 

■  10* 

Dinophyceae 

2.0 

10* 

3  9 

■  10 

Prymncsiophyceae  [Phaeocystis  cf.  pnuchettif 

2  2 

10* 

3  3 

-  10* 

these  samples.  They  are  predominantly  composed 
of  pennate  forms,  with  Tropidoneis  glaciafis 
Heiden,  Sitzschia  dosterium  (Ehrenberg)  W. 
Smith,  Sitzschia  prolongatoides  Hasle,  and  S'itz- 
schia  cvlindrus  (Grunow)  Hasle  being  the  major 
constituents.  Brief  descriptions  of  each  species, 
with  SE\1  micrographs  to  illustrate  their  mor¬ 
phologic  characteristics,  are  in  Appendix  C. 

After  all  of  the  species  were  identified  under 
SEM,  observations  were  made  using  optical  and 
inverted  light  microscopes  to  obtain  relative 
species  abundances  and  numbers  of  cells  per  liter. 
Although  27  species  were  identified  in  the  ice 
chunk,  the  diatom  assemblage  was  nearly  mono- 
specific,  with  T.  glacialis  accounting  for  85  94°’o 
of  the  total.  Sitzschia  curia  (Van  Heurck)  Hasle, 
Chaetoceros  dichaetu  Ehrenberg,  S'.  closteri- 
um, and  Y  cvlindrus  each  accounted  for  I  to  30,'o; 
the  remaining  species  were  less  than  lff'o  of  the 
total.  In  both  ice  cores  several  species  were  co¬ 
dominant.  In  22-10/N,  21  species  were  identified. 
The  dominant  species  were  \.  dosterium  and  7. 
glacialis  with  Svnedra  sp.  1,  Sitzschia  kerguden- 
s is  (O’Meara)  Hasle,  .V.  cvlindrus,  Ch,  dichaetu, 
and  Savicula  sp.  1  comprising  4  to  8n'o  each.  In 
23-10'N,  the  dominant  species  were  7.  glacialis, 
V.  cvlindrus,  .V.  prnlungaioides,  S  dosterium, 


and  Ch.  dichaetu.  In  addition,  Sitzschia  suhcur- 
vata  Hasle  and  Sitzschia  turgidu/oides  Has/e  ac¬ 
counted  for  2  to  3°o  each. 

One  of  the  advantages  of  using  the  inserted 
light  microscope  is  that  it  allows  differentiation 
between  full  and  empty  diatom  frustules,  that  is, 
whether  the  chloroplasts  and  other  organic 
material  are  still  intact  within  the  cell.  We  counted 
the  number  of  cells  per  liter  that  were  empty  or 
full  in  both  the  ice  cores.  Due  to  sampling  limita¬ 
tions,  22-10/N  was  counted  as  one  composite 
sample  but  we  were  able  to  examine  23  10  N  at 
nominal  10-cm  intervals.  A  composite  species  list 
with  the  total  number  of  cells/  liter  for  each  species 
in  the  two  cores  is  shown  in  Table  2.  There  is  a 
significant  difference  in  the  number  of  species 
present  in  each  of  the  two  cores  as  well  as  a  differ¬ 
ence  in  the  full/empty  cells.  Almost  twice  as  many 
species  arc  present  in  23-10  N.  There  are  10  times 
more  full  cells/ liter  and  20  times  more  empty 
cells/liter  in  23-10  N.  f  igure  8  shows  the  number 
of  cells/liter  down  the  length  ot  23  10  N.ltisevi- 
dent  that  the  highest  concentration  ot  lull 
cells,  liter  occurs  near  hut  not  at  the  bottom  ot  the 
core.  There  were  10  times  more  full  cells  Inct  in 
the  bottom  16  cm  than  at  the  surface.  I  he  v.ttta 
lions  in  abundance  ot  the  dominant  species  m  this 
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/•inure  ft.  Cure  profile  <>l  23  -  It)  \  s bowing  the  total  number  oi  empt\ 
and  lull  diatom  cells  liter  i  s  depth. 


23-IO/N 
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I  x  10* 

N-»:schia  cy i  nijfus 


I  25  x  i0f 


5  x  i0 


i  x  10° 

Nit2schio  prolpngotpides 


5  x  1 0  ' 


I  X  !Ob 

Ni t/schio  Closfer lum 


l  x  (0* 

Ohoetoceros  <jichoe*d 


I  inure  9.  Core  profile  of  23-10  V 
showing  the  number  of  empty  and 
full  cells  'liter  for  each  of  the  abun¬ 
dant  species  (Tropidoncis  glacialis. 
Nit/schia  cylindriis,  N.  pro- 
longaloidcs,  N.  closicrium.  anti 
Chactoccros  dichaeta)  w  depth.  I  he 
arrow  at  33  cm  indicates  the  transi¬ 
tion  from  Irazil  to  enunciation  we. 


I  a hlv  3.  I  hi-  number  of  empty  anil  full  cells  liit-r  of  the  alnintlant  species  uut  the  total  count  in 
each  core  at  the  specified  depth  interval. 
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core  are  shown  in  Figure  9.  It  is  obvious  t hat  three  peak  (regardless  ol  where  in  the  core  it  occurs)  the 

of  the  species  (,V.  cylindrus,  V.  prolongaioi-  increase  in  full  cells  liter  is  considerable,  while  for 

des, and  Ch.  dichaeta)  are  most  abundant  near  the  the  empty  cells,  liter  it  is  not.  Chlorophyll  a  values 

bottom,  while  T.  glacialis  is  highest  just  below  the  in  the  ice  cores  at  the  same  depths  for  which  we 

surface  and  .V.  closterium  has  a  bimodal  curve  have  diatom  counts  ranged  from  0.09  to  0.672 

with  two  equal  peaks,  one  just  below  the  surface  ntg/m'.  Phaeophytin  values  over  these  same  inter- 

and  the  second  at  the  bottom.  vals  ranged  from  0.04  to  0.19  mg  m‘.  Although 

Seven  additional  cores  were  examined  under  the  we  would  have  liked  to  compare  the  chlorophyll 

inverted  light  microscope,  three  composed  solely  and  phaeophytin  values  with  the  full  and  empty 

of  frazil  ice,  two  of  congelation  ice,  and  two  a  cells/ liter,  the  number  of  samples  for  which  we 

combination  of  these  two  ice  types  (Table  3).  have  both  data  sets  is  too  small  to  be  significant. 

None  of  these  cores  was  examined  at  discrete  The  highest  chlorophyll  a  concentrations  were 

10-cm  depth  irtervals,  but  rather  as  a  composite  found  in  the  ice  chunks,  ranging  from  0.14  to  43. 2 

sample  ranging  from  8  to  54  cm  (the  whole  core);  mg  m'.  The  phaeophytin  in  these  chunks  ranged 

the  average  sample  interval  was  20  cm.  Among  from  0.03  to  15.9  mg  in'.  C  hlorophyll  values  in 

these  samples,  two  had  monospecific  assemblages  all  of  the  cores  and  ice  chunks  were  higher  than  in 

(>85ff7o)  of  .V.  prolongatoides  and  the  remainder  the  adjacent  surface  waters  (0. 07-0.13  mg  m 1 ). 

had  assemblages  comprising  several  co-dominant  In  addition  to  the  diatoms  (Bacillariophyceae), 

species  (Table  3).  The  diatoms  that  comprised  the  which  were  the  most  abundant  group,  representa- 

remainder  of  a  sample  were  the  same  as  those  in  lives  of  several  other  groups— C'hoanoflagellida, 

cores  22-  and23-10/N.  C’hrysophyecae,  Uinophyceae,  Ciymnodiniaceae, 

A  comparison  of  the  number  of  full  to  empty  Prymnesiophyeeae.  siliceous  cysts,  and  ar- 

diatom  cells/liter  in  all  the  ice  cores  examined  chaeomonads— were  also  found, 

shows  that  in  all  but  one  instance  there  were  more  Two  archaeomonad  species,  Archacomona v 

full  than  empty  cells,  and  in  half  of  the  cores  there  arenh/tu  Deflandre  and  l.iihcusphacrclla  spec- 

were  10  times  as  many  full  cells  as  empty  cells  tubdis  Deflandre  (Fig.  10),  were  observed  in 

(Table  3).  l  ooking  at  the  individual  plots  of  several  of  our  samples  (see,  for  example.  Table  2) 

cells/ liter  for  the  most  abundant  species  in  in  relatively  low  concentrations  (  -10J).  I’ntil  re- 

23  10/  N  (t  ig.  9),  it  is  obvious  that  at  each  ma)or  cently,  archaeomonads  had  not  been  reported 
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lullin’  10.  I rchaeomonad:  L.itheusphaerella  spec- 
tabtlis.  While  har  al  hottom  5  ton. 


railin'  II.  Siliceous  cyst  no.  9,  White  har  at  hoi 
loin  -  0.5  i an . 


from  present-day  oceans  and  were  thought  to  rep¬ 
resent  unknown  or  extinct  marine  ehrysophytes. 
Mitchell  and  Silver  (1982)  were  the  first  to  report 
on  the  occurrence  of  l.  areolata  and  /..  s/iec- 
lahilts,  among  others,  in  their  samples  from  both 
the  water  column  and  the  sea  ice  of  the  Weddell 
Sea. 

A  few  choanoflagellale  species,  Bicosiaia 
spmitera  Throndsen,  (  alhacaniha  simplex  Manton 
and  Oates,  and  lhaphanoecu  pedtcellata 
l.eadbeater  were  also  seen  in  several  of  our 
samples  at  concentrations  A  siliceous  cyst 

(l  ig.  II),  identified  by  several  authors  (Booth  et 
al.  1980,  198 1 ;  Silver  et  al.  1980)  as  "siliceous  cyst 
c9".  was  observed  in  our  ice  chunk.  It  has  been 
suggested  bv  the  previously  mentioned  authors 
that  this  cyst  is  a  resting  stage  in  the  choanoflagel¬ 
lale  life  cycle. 

Several  specimens  of  a  silieoflagellate. 
Ihsiepltanus  speculum  ( I  hrenberg)  Haeckel  (1  ig. 
12),  were  observed  in  the  ice  chunk  and  in  ice  core 
22  10  N.  Several  individuals  ol  an  unidentified 
( iv mnoditiiaceae  were  seen  in  ice  core  23  10  N 
(fable  2).  In  addition,  the  colonial  form  of 
Phaeocvuis  cl  poucheiii  was  also  encountered  in 
both  22  and  21  10  \  (  fable  2). 
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DISC  I  SSION 


The  downcore  changes  in  relative  ahundance  of 
the  species  in  23- 10  N  and  their  apparent  correla¬ 
tion  to  the  frazil  congelation  boundary  leads  one 
to  wonder  whether  they  are  the  result  ot'  the  ice 
having  formed  from  different  water  columns  or  of 
differential  diatom  growth  in  the  ice  types.  Since 
this  core  is  composed  of  two  different  ice  types, 
we  know  that  the  frazil  ice  formed  over  a  period  of 
several  hours,  while  the  congelation  ice  at  the  bot¬ 
tom  undoubtedly  formed  over  the  next  several 
weeks.  During  this  time  the  underlying  water  col¬ 
umn  may  have  changed  slightly.  Perhaps  a  warm 
Weddell  Deep  Water  cell  (Gordon  and  Huber 
1983)  passed  under  the  ice  sheet,  changing  the  bio¬ 
logical  constituents  that  were  later  incorporated 
into  the  ice.  Three  of  the  species  (.V.  cvlindrus,  A. 
prolongatoides ,  and  Ch.  dichaeia)  show  a  marked 
increase  in  abundance  at  and  below  the  frazil/con¬ 
gelation  boundary  (Fig.  9).  This  suggests  that  they 
were  either  at  higher  concentrations  in  the  water 
when  the  congelation  ice  formed  or  that,  once  in¬ 
corporated  into  the  ice,  a  suitable  environment  for 
growth  existed.  The  fact  that  these  same  three 
species  were  found  in  high  abundance  in  other 
cores  composed  only  of  frazil  ice  suggests  that  the 
structure  alone  does  not  enhance  growth.  A  fourth 
species,  T.  gtaciatis ,  shows  the  opposite  pattern, 
that  is,  a  decrease  in  abundance  below  the 
frazil/congelation  boundary.  It  is  possible  that 
this  species  was  at  a  lower  concentration  in  the 
water  column  when  the  congelation  ice  formed  or 
that  it  has  a  different  optimum  light  intensity  for 
peak  growth  than  the  other  three  species. 

A.  prolongatoides  was  also  found  in  high  abun¬ 
dance  (14-88ff;o)  in  several  other  cores  sampled  at 
depth  regardless  of  ice  type.  A’,  closterium  is  high 
(18-48ff’o)  in  samples  from  the  surface  to  depth 
irrespective  of  structure,  while  the  downcore 
abundance  in  23-10/N  shows  a  bimodal  peak, 
near  the  surface  and  near  the  bottom  of  the  core. 
Bunt  (1964)  has  demonstrated  that  certain  species 
are  shade-adapted  and  that  variations  in  light  in¬ 
tensity  influence  productivity.  It  is  possible  then 
that  optimal  light  conditions  for  T.  glacialis  exist 
close  to  the  surface  while  for  A.  prolongatoides 
conditions  are  more  favorable  near  the  bottom. 

Several  authors  (Bunt  1963,  Hoshiai  1977, 
Sullivan  and  Palmisano  1981)  have  reported  high 
chlorophyll  a  concentrations  (248-2100  mg/I  in') 
in  the  bottom  20  cm  of  cores  taken  in  fast 
(congelation)  ice  at  MeMurdo.  Clarke  and  Ackley 
(in  press)  have  reported  an  increase  in  chlorophyll 
concentrations  in  frazil  ice  with  depth,  but  this  is 
not  limited  to  the  bottom  20  cm  and  does  not 


teach  t  lie  mag  nit  tide  ot  ot  bet  >t  udtes  lave.  Ci!  ./  m 
suitacc  Ituzil  ice  O  4fi  mg  m  .  tiu/il  :.r  at 
depth  1. 3f>mg  m  ).  I  Ills  Miggcsis  iii.u  pioxim, 
tv  to  the  undeilymg  watei  and  thu-  passive 
nutrient  exchange,  which  would  be  create!  in  von 
gelation  ice,  might  account  lot  the  neat  bottom 
abundance  peaks  ot  the  three  species  m  2  1  |o  V 

Congelation  ice  rejects  impurities  during  lorma 
lion,  but  trazil  ice  is  capable  ol  mechanically  con 
central ing  material,  so  it  is  dil I icult  to  account  lor 
the  higliet  chlorophyll  values  in  the  congelation  ice 
cores  (0.09  0.42  mg  in')  relative  to  the  lower 
values  in  the  surrounding  waters  (().()'  0,13 
mg  in')  unless  growth  is  occurring. 

Buck  (personal  communication)  found  iso 
gametes  of  two  of  the  abundant  species  in  one  ol 
the  cores  he  examined,  which  is  indicative  ol  re¬ 
production.  In  addition,  Clarke  and  Ackley  (in 
press)  found  that  both  silicic  acid  and  initiate  con 
centrations  in  the  ice  cores  were  depleted  with  re¬ 
gard  to  the  sea-water  dilution  curve,  indicating  the 
assimilation  of  SiO,  and  NO,  by  diatoms.  There¬ 
fore,  one  mechanism  to  explain  the  relative  differ¬ 
ences  in  species  abundances  that  we  see  in  our 
samples  may  be  the  variation  in  species  concentra¬ 
tion  in  the  water  column  at  the  time  of  ice  forma¬ 
tion.  This  initial  difference  appears  to  be  greatly 
enhanced  by  subsequent  differential  growth  of 
species. 

Watanabe  (1982)  has  summarized  the  abundant 
species  present  in  Antarctic  sea  ice.  To  his  list  we 
add  eight  additional  species  that  were  abundant 
(>l()0?o)  in  Weddell  Sea  ice  (Ackley  et  al.  1979, 
Buck  and  Garrison,  in  prep.;  this  paper)  (  I  able  4). 
Of  these  eight  species,  five  are  pennate  forms  and 
two  are  gentries.  Only  Bunt  and  Wood  (1963)  and 
Watanabe  (1982)  have  reported  diatom  com¬ 
munities  that  are  dominated  by  centric  forms.  The 
centric-to-pennate  ratio  in  our  samples  ranges 
from  1:6  to  1:34.  with  an  average  of  1:16.  I'll, 
dichaeia  and  Porosira  pseudodent iculata  .louse 
were  present  in  those  samples  where  centrics  were 
more  abundant.  The  latter  is  one  of  the  species  re¬ 
ported  by  Watanabe  (1982),  whereas  Ch.  dichaeia 
has  never  been  reported  as  numerically  significant 
in  Antarctic  sea  ice. 

We  anticipated  some  correlation  between  the 
number  of  full  and  empty  cells  liter  with  chloro¬ 
phyll  a  and  phaeophytin  ratios,  but  we  did  not 
find  one.  I  Ins  may  be  attributed  to  the  small 
number  of  samples  (9)  lor  which  we  have 
cells  liter  data  or  it  may  be  due  to  dillerences  in 
cell  volumes.  I  he  chlorophy  ll  m  a  small  iiumbet 
of  large-volume  cells  can  be  equal  to  that  m  a  laige 
number  of  small-volume  cells 


Table  4.  I  .is!  of  dominant  diatom  species  found  in  Anlartie  sea  iee. 
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CONCLUSIONS  Differences  in  species  abundances  are  attributed 

initially  to  incorporation  of  biological  material  at 
Diatoms  are  found  throughout  the  length  of  the  different  times  from  slightly  different  water  col¬ 
ice  cores,  although  relative  species  abundances  umns.  Subsequent  growth  within  the  ice,  which  is 

fluctuated  downcore.  Pennate  forms  were  numeri-  affected  by  differences  in  light  intensity,  ice  struc- 

cally  dominant  over  centrics.  Three  of  the  species  lure,  and  proximity  to  nutrients  in  the  underlying 

previously  reported  as  being  abundant  in  Ant-  water,  changes  the  original  species  abundances, 

arctic  ice  (N.  closterium,  N.  cylindrus,  and  N.  sub- 
curvata)  were  also  abundant  in  our  samples.  Four 
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APPENDIX  A:  TAXONOMIC  TERMS 


Areolae  Regularly  repealed  perforations  (polygonal  or  rounded)  through  the  basal 

siliceous  layer,  normally  occluded  bv  a  velum. 

Apical  axis  l  ongitudinal  axis  of  a  valve. 

Arcuate  Arched  or  how  shaped. 

Canal  raphe  Raphe  with  a  tubular  passage  running  along  its  inner  side,  separated  from  the 

rest  of  the  interior  of  the  frustule  by  the  fibulae  (keel  puncta);  the  spaces  be¬ 
tween  are  called  interspaces. 

Central  nodule  A  thickened  area  between  the  two  central  pores  of  the  raphe. 

Cingulum  The  portion  of  the  girdle  associated  with  a  single  valve. 

Copula  One  of  three  elements  of  the  cingulum,  it  is  a  band  between  the  valvocopula 

and  the  pleurae.  Often  but  not  always  areolate;  less  ornate  than  the  valvo¬ 
copula. 

Connecting  band  Element  of  the  cingulum  distal  to  the  copula  or  any  element  when  no  intercal¬ 
ary  bands  are  present. 

Costae  Ribs,  elongated  solid  thickenings  of  the  valve. 

Cribrum  A  velum  perforated  bv  regularly  arranged  pores. 

Dentate  Toothed;  the  teeth,  if  spine-like,  are  very  short. 

Epitheea  The  upper  and  therefore  older  half  of  a  frustule;  fits  over  the  hypotheca. 

f  oramen  The  passage  through  the  constriction  in  the  valve  wall  that  is  opposite  the 

velum. 

Frustule  The  cell  wall  of  a  diatom,  composed  of  two  valves  (epitheea  and  hypotheca). 

Granule  A  small  rounded  projection  on  the  surface  of  the  valve,  a  type  of  spine. 

Girdle  Part  of  the  frustule  composed  of  the  cingulum  (intercalary  or  connecting 

bands). 

Girdle  view  Side  view  of  a  diatom,  with  the  overlapping  halves  (valves)  of  the  frustule  ap¬ 

parent,  the  girdle  uppermost  in  optical  view. 

Hyaline  An  area  where  the  basal  siliceous  layer  is  not  penetrated  by  areolae  or  puncta. 

Hypotheca  The  lower  and  younger  half  of  the  frustule,  within  the  epitheea. 

Infundibulum  A  funnel-shaped  body  that  is  the  internal  termination  of  the  raphe. 

Intercalary  band  An  element  of  the  cingulum  proximal  to  the  valve,  different  in  structure  or 
form  from  distal  elements. 

Keel  In  those  pennate  forms  whose  valve  is  sharply  angled  at  the  raphe,  the  sum¬ 

mit  of  the  ridge  bearing  the  raphe. 

Keel  puncta  Pores,  or  membranes  appearing  as  pores,  in  the  plate  lying  below  the  canal 

raphe. 

Labiate  process  A  tube  or  opening  through  the  valve  wall  with  an  internal  flattened  lube  or 
longitudinal  slit  usually  surrounded  by  two  lips. 

Lanceolate  l.ance-shaped,  long  and  narrow  with  subparallel  margins,  tapering  at  the  axis. 

Ligula  Extension  of  a  girdle  band  that  completely  fills  in  the  gap  of  the  opening  ol 

the  adjacent  band.  It  points  (oward  the  valve  to  which  it  is  attached. 

I. inear  Long  and  narrow  with  parallel  sides. 

Mantle  The  outermost  part  of  the  valve  that  is  apparent  in  girdle  view,  but  excluding 

the  girdle  bands. 

Pleurae  One  of  three  elements  of  the  cingulum,  the  pleurae  ate  bands  proximal  to  the 

copula  and  are  usually  hyaline. 

Pseudonodulus  A  marginal-submarginal  structure  set  oil  trom  the  pattern  o!  the  test  ot  the 
valve  structure. 
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Puncta 

Raphe 

Setae 

Spine 

Siria 

Strutted  process 

Terminal  nodule 
Terminal  pore 
Transapical  axis 
Truncate 
Valve 

Valvocopula 

Velum 


Minute  poics.  valve  maikiiigs  usually  in  ions  nm.hi 

An  elongated  tissurc  ot  pan  ol  lissiiics  thtough  the  valve  wail  (alone  (he  man 
axis). 

Hollow  outgrowths  of  the  valve  projecting  outside  the  valve  iiiaigni.  with  a 
different  structure  Irom  the  valve. 

A  closed  or  solid  structure  protecting  out  liom  the  valve  wall. 

Parallel  lines  of  rows  ot  areolae  oi  puucta  so  ctowded  as  10  appeal  as  a  solid 
line. 

A  tube  through  the  valve  wall  surrounded  hi  2  5  chatnhei'  or  poiex  separated 
internally  by  arched  supports,  often  with  threads  extiuded  Itoin  the  exteriot 
part . 

A  thickened  area  at  the  apical  end  of  the  valve  whete  the  raphe  terminates. 

An  expansion  of  the  raphe  at  the  apical  end. 

The  transverse  axis  of  the  valve. 

Having  the  ends  square  or  even. 

One  of  two  overlapping  halves  of  a  frustule. 

One  of  three  elements  of  the  cingulum;  a  band  proximal  to  the  valve,  usually 
ornately  areolate. 

A  thin  and  perforate  layer  of  silica  across  an  areola  (cribrum,  rota,  or  vola 
are  three  times). 


APPKNDIX  B:  DIKKKRKM  KN  IN  SPK  IKS  ( OMPOM  I  ION  \NI»  A  III  NDANl  I  IN 
1)1  PI  K  A  I  K  SAN1PI.KS  KWMINKI)  l  NDKR  OPIKAI  AND  IN  W  Rl  Kl>  I  K.ll  I 
MIC ROSCOPKS 


In  the  past,  numerous  techniques  have  been  cm- 
ployed  to  prepare  diatoms  lor  microscopic  exami¬ 
nation.  The  choice  of  prepai at u>n  technique  and 
i lie  type  ot  microscope  lived  is  dependent  on  one’s 
goals;  to  study  morphologic  characteristic'  and 
taxonomic  relationships  or  to  determine  relative 
or  absolute  species  abundances.  I  he  SIM.  lor  ex¬ 
ample,  is  the  optimal  tool  to  study  morphology ,  as 
it  provides  the  highest  resolution  ot'  surface  detail 
and  gives  a  three-dimensional  view  of  the  valve. 
Both  t he  optical  and  the  inverted  light  micro¬ 
scopes  may  be  used  for  diatom  enumeration,  since 
their  resolution  is  usually  adequate  to  identify 
most  species.  But  while  the  optical  light  micro¬ 
scope  can  only  provide  relative  abundance  due  to 
the  sample  preparation,  the  inverted  light  micro¬ 
scope  yields  absolute  abundance.  In  addition,  it 
allows  one  to  differentiate  between  full  and  empty 
cells;  that  is,  whether  the  organic  material  is  still 
intact. 

We  prepared  five  duplicate  composite  samples 
for  examination  under  both  l.eit/  (optical)  and 
Zeiss  (inverted)  microscopes,  using  the  appropri¬ 
ate  preparation  techniques  for  each  as  described  in 
the  Materials  and  Methods  section.  Our  aim  was 
to  determine  how  preparation  techniques  might 
change  the  species  compositions. 

In  all  of  the  samples  the  majority  of  the  species 
were  the  same,  with  a  few  species  observed  under 
one  microscope  and  not  the  other.  However,  two 
species  that  occurred  in  abundance,  Sitzschia  prn- 
lonyaioides  Z76'ro)  and  Dactyliosolen  anturcticus 
(0-23°'o),  were  consistently  observed  under  the  in¬ 
verted  microscope  but  never  under  the  optical 
microscope.  Three  additional  species.  ,V. 


ch’srcrtuin  (2l)"n).  V  \u/< iurwiui  (ll. S  I'11,,!  ,md 
C'h.  thchada  to. b  1 4 “ it ) ,  wete  common  in  scveial 
samples  examined  undei  the  inveiied  mictoscope 
but  were  not  seen  in  the  same  sample  undei  the  op 
tical  microscope.  I  liey  were  howevet.  observed  m 
other  optical  microscope  samples.  \  lew  species 
weie  seen  under  the  optical  mictoscope  but  not 
under  the  inverted  microscope,  but  these  geuei ally 
accounted  for  less  than  Tbi  except  in  the  case  ot 
.V  curia  and  V  cyhndrus.  which  were  higher.  I  ot 
these  two  species,  optical  microscope  counts  wete 
considerably  higher  than  the  inverted  microscope 
counts  in  three  of  the  samples  (,)7  65"'o  optical, 
1  2,ro  inverted). 

A  possible  explanation  for  the  higher  optical 
microscope  counts  of  .V.  curia  and  V  cyhndrus  in 
these  three  samples  is  that,  having  lost  (through 
preparation)  the  original  dominant  species  (A. 
prohmyatoides),  these  two  now  assume  dispropor¬ 
tionate  significance.  The  fact  that  they  are  found 
in  equal  numbers  in  the  other  two  samples,  which 
do  not  have  .V.  prolonyatoides,  might  seem  to  sub¬ 
stantiate  this. 

We  do  not  believe  any  of  these  discrepancies  are 
artifacts  of  the  optical  microscope,  but  rather  that 
they  result  from  the  preparation  technique  em¬ 
ployed.  Species  not  observed  under  the  optical 
microscope  may  have  been  selectively  eliminated 
during  sample  preparation.  Several  steps  are  in¬ 
volved  that  could  conceivably  lead  to  loss  of 
material.  Therefore  we  conclude  that  the  inverted 
microscope,  which  only  requires  that  a  sample  be 
thawed,  agitated,  and  then  settled  overnight,  is  the 
better  method  for  diatom  enumeration  from  sea 
ice  and  water  column  samples. 
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/nil  abou’  I  lie  salsc,  ilk-  setae  bend  abruptly  al  .1 
light  angle  anti  cioss  those  <. < t  the  adiaccn!  s.:'  e. 
1  lie  setae  are  circular  in  ers'ss  kviuni  xxnh  small 
spines  (I  season  atki  Hasle  ll)"5).  I  lies  are  ilk- 
same  diameter  lot  most  ot  iheii  length  hm  thin 
sliglilly  at  the  extremities.  Both  the  setae  and  ilk- 
long  eeniral  labiate  pioeess  are  hollow,  wliieli  ean 
be  seen  in  the  inter  i  o  r  vie"  shown  in  (I  ig.  C  2c). 

Chachnvros  ne^lectum  karsien 

I  his  species  occurs  in  flexible  chains  ot  weakly 
silieitied  reciantmlar  cells  (I  ig.  t  3a).  I’erisalsai 
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f  iVUt'C  i  V  C  IH  i'U‘s  Mini 


tow  aid  a  labiate  piocess  (I  ;g  c  -*.» t  i  ne  o>s,ac  a.c 
■aiaieiu  on  the  'hallow  vahc  mantle  hut  timhuatc 
a n el  are  branched  ovci  moo  ol  me  valve  lace  \ 
low  ol  small  granules  can  he  seen  m  I  igui  c  (  4h  on 
the  \al\e  mantle.  \\  line  the  lahnne  piocess  is  mu 
all\  located  .teat  the  matein.  it  ma\  ocvasionallv 
he  near  the  eentet.  It  lias  no  external  extension, 
hut  inter nallv  it  has  a  txpieal  labiate  shape. 

Vitr.M'hii /  ti/niiihiui  llasle 

I  his  species  has  a  variable  valve  outline;  the 
smallest  specimens  aie  circular  to  elliptical  and  the 
largest  are  lanceolate.  Haslet  I46?h)  repotted  it  to 
he  S -53  gin  long  and  ~  13  »m  wide,  with  N  16 
transapical  costae  in  It)  am.  I  he  specimens  we 
measured  were  13  16  gin  long  and  "’.5  gin  wide. 
The  transapical  costae  are  straight  in  the  middle 
and  curved  at  the  ends.  The  mteicostal  membrane 
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22  2t>  m  in  ill  1 1  lade  146M-I  I  lente  t  'a  ’  ■' 
an  ext  er  lot  and  I  ig  ut  e  t  '  h  an  i  n 1  v  t  ■■  n  v  a . .  c  view 

iYo'/c'/uu;  1 1  hienheigl  \\  Mini  I 
I  Ills  species  is  not  well  documented  m  out  'si  M 
microetaph  as  n  is  dcluaic  and  weahlv  siluitted 
and  hence  whole  halves  were  not  olten  ohsetved. 
I  i  e  lire  C  6  show  s  a  t  v  pica  I  valve  I  he  t  ange  ot  v  at  t 
anon  in  shape  that  we  observed,  ttom  straight  to 
sienuud  shaped  cells  with  eiihet  straight  ot  curved 
rostra,  is  tvpical  and  has  pievnui'lv  been  noted  in 
the  litet  at  lire.  Howcv  er,  w  bile  llasle  ( 1 464)  lound 
the  largest  specimens  in  the  Antaiotic  (•  4<M>  gin 

long)  with  a  mean  range  ot  12?  150  gin,  our 
largest  specimen  was  140  gin  and  our  range  "0  to 
1 40  g  m. 


/  retire  <  h.  Nil/schia  elosietmm.  I  ulvc  \houinu 
ui'hihr/  it'll  hath  h tin'll  tint/  tlfhttilt'  <  .Viivt 


arc  confined  to  the  lectaugular  portion  ol  me 
valve,  with  more  vveaklv  Mhcitievl  oblnjuc  of 
longitudinal  costae  at  the  ends  Hasle  (I4h'h)  ic 
ported  V  evhndru s\  length  as  t>  40  n  in  and  the 
width  as  2-4/iin,  with  14  P  uansapical  costae  in 
10  /dll.  As  witli  \.  curia,  we  lound  some  speci 
mens  -  mailer  than  Hasle  reported  and  none  v|inie 
so  large.  Our  si/e  range  was  V  '  15  m  long  and 
1.25-4  /an  wide.  There  were  5  8  pounds  perloial 
ing  the  intercostal  membranes  in  1  /(in.  arranged 
in  2  to  4  transapical  rows  (Hasle  1  S)T>5h ) . 

Xitzschiu  kertiuelensis  (O’Meara)  Hasle 

Frustules  of  this  species  are  sironglv  siheified 
and  coarselv  structured.  The  transapical  ribs  are 
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letn l\  I  he  t tin  k  w .died  1 1 


,il  n.cuii’’  ,u 


punctate  with  tw.'  low-  oi  we  c:  n.n  me  poioij 
is  If)  in  It)  ..int  1  iie  k eel  puiwta  .lie  m"  .is  cumv 
distinguished  .Is  ill  olliei  V T.’./  pe.ic-  1 1  la  ■  T 
|U(iS)  Hasle  (  l‘W'8n)  repoi  I  s  lenel  lis  ot  1 1  •  "h  u 
and  widths  (it  s  ,,  ,in  Sonic  >>l  oni  'I'imiih: 
were  smaller  and  n-nie  so  latgc:  length,  b  '  2s. ' 
Kin.  and  width,  f  II  ,.m.  I  his  species  is  easilv 
lecogm/ed  in  gudlc  view  due  it'  coal  se  sinaiioiis 
I  igure  C  4a  ol  a  valve  at  an  oblkjiie  angle  show- 
hot  It  the  valve  lace  and  gu die.  I  igm e  C  4b  is  an  in 
terioi  valve  view  showing  the  tohiist  costae  anc 
double  tows  ol  pounds. 
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a)  /rust tile  (oblique,  girdle  view).  Robust  costae  >»  >  <//><■  ( interior >  with  costae  anil  poron/s  cw 

mu!  double  rows  of  porouls;  and  mrdle  bands  are  dent. 

visible. 


I  mure  (  4  Nii/schia  kerguelensis. 


sitZM'luu  pnilumnirnnh’s  Mask' 

I  his  specie-,  occurred  in  loss  abundance  in  i lie 
samples  examined  under  lire  SI  M,  so  sxe  base  on 
Is  one  phots'  1  mure  CIO  slums  the  characteristic 
salsc  outline  ssnli  slightly  enlarged  ends.  I  Ins 
specimen  measured  50  /<  m  long  and  I  /<m  sside, 
svhiclt  is  ssitltin  the  st/e  range  given  h\  Hasle 
1 1965a)  (length.  20  '0  /<  in;  ssnlth  0.5  2.5  ;;  in). 

Xitzsdua  ritsclwn  (Mustedt)  Hasle 

The  salve  outline  of  this  species  varies  ssith  the 
si/e  of  the  individual.  Small  specimens  are  linear 
to  elliptical  with  broadly  rounded  ps'les.  l  arge 
specimens  are  linear  to  lanceolate  with  a  hetero¬ 
pole  apical  axis,  rounded  at  the  broad  pole  and 
tapering  at  the  narrow.  Costae  adjacent  to  the 
broad  pole  are  more  s'blique  than  those  near  the 
narrow  pole.  Poroids  (18  -24  in  10  tun)  are  ar¬ 
ranged  in  two  rows  (Hasle  1965b).  figure  Cl! 
shows  a  slightly  heteropole  individual. 

Xilz.se/iia  subeurvata  Hasle 

This  species  has  valves  that  are  narrow,  dilated 
in  the  middle,  and  abruptly  attenuated  towards 
long  slender  rostra.  The  apical  axis  is  curved  in  the 
transapical  direction.  One  side  of  the  valve  is 


straight  ot  diL'Ii'Is  vl>tuase.  and  ;  I,-  ,!.■ 

convex,  especial  Is  in  :  lie  uuddic  ot  'he  v  ,»h  i  I  m 
can  be  seen  in  I  lent  e  C  1  2a .  an  inset  n  a  view  ,  .)  -  w  . 
Inisiules  Hasle  (1464)  lecoidesl  lene:',-  nt  4  '  >« 
utu  and  widths  sit  I.'  2  i.m  Shu  spev.ur.en’  wets 
cs'inpaiable:  length.  4<  til)  ,.  m.  and  wid'l  .  I  I  - 
/tin.  I  he  li  ansapical  st'siae  144  49  m  In  ..  ml  af. 
not  resolvable  undei  a  liglu  muiossupc  tlla-h 
1964).  I  he  mteicosial  membiane.  peit*>taicd  i -■  s 
one  row  of  pounds  (5<)  in  ID  ,-un).  and  Die  fee 
puncta  can  be  seen  m  I  iguie  t  12b 

Xilz.si.hiu  lurviduluuU's  Hasle 

This  species  has  parallel  sides  with  broadis 
rounded  apices.  I  snails  the  salve  o  sligluls  en 
larged  in  t lie  middle.  According  to  ll.tsle  (196S,i), 
the  length  is  63  126  /un.  and  the  widih  at  the  end- 
is  1.2-18  /un  and  1.8  2.7  mn  m  the  middle.  <  >ut 
specimens  measured  73  115  /un  long  and  I  2  ,.m 
wide  near  the  ends,  which  tails  wiilim  hei  m/l 
range,  figure  Cl 3a  shows  the  salve  exteiioi.  I  ig 
ure  CI3b,  a  closeup  of  the  interior,  shows  the  ar¬ 
cuate  keel  puncta  (10-13  in  10  /un),  transapical 
costae  (17-21  in  10  /un),  and  intercostal  mem¬ 
brane,  which  is  perforated  by  1  oi  2  rows  of  small 
poroids  (8- 10  in  1  /un)  (Hasle  1965a). 
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/mure  (  II  Nil/schia  nisCieii 

l  1 1!\  i‘ 

n  I! 

f  igure  ('ll).  Nit/schia  prolongatoides.  Single  valve 
(arrow). 
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d)  I'alve  showing  numerous  strutted  processes  a 
the  margin  and  fewer  at  the  center. 
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eJ  Clo.seup  slu twine  the  large  labiate  /large  arrow) 
and  strutted  processes  /thin  arrows). 


f  igure  CI4  /emit  '<!). 
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e)  Several  over/a/i/tine  hands  I nhlu/uc ,  virrfle  vie 


I  mure  (  IS  fern  \h 
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a)  l  alve  t interior )  s/ioume  pattern  <-/  i ireola- 
itnii.  central  and  marginal  strutted  processes 
(/ante  arrow i.  and  labiate  proce sses  (thin  ar¬ 
row )  almost  directly  m  line  with  central  proc 
ess. 


f  mure  (  l~.  I  r a  I rcnuiiclli . 


Thalassiasira  fre/muelh  ko/olos a 
This  species  has  areolae  in  ail  irregular  linear  ar¬ 
ray,  12-20  in  10  /<m.  There  is  one  central  strutted 
process  and  a  ring  ol  marginal  sit  titled  processes 
(Fig.  C17a).  The  single  labiate  piocess.  which  oc¬ 
curs  midway  between  the  margin  and  i lie  center,  is 
almost  directly  in  line  with  the  central  process. 
Both  the  labiate  and  the  strutted  processes  project 


quite  far  into  the  salve  uuerioi  (I  ig.  (.  I~b|.  As  Car 
as  the  girdle  bands  are  concerned  there  is  a  pel  lot 
aied  salsocopula  with  a  row  ol  large  pores  adja¬ 
cent  to  the  salsc  and  several  lows  of  smaller  pores 
towards  the  copula.  Flic  vopula  also  has  a  tow  ol 
large  pores,  while  the  pleurae  are  hyaline  tl  i  s  sell 
and  Uasle  OT'Oa). 


e)  Closeup  (interior )  showine  a  maternal  strutted 
pro  cess  with  a  motlilied  opercular  over  the  pores 
tlaree  arrow ),  small  labiate  process  tthm  arrow), 
and  the  elevated  poroid  erihrum. 


d)  (  loseiip  (interior)  show  me  the  •.err  a)  s 
process  with  a  inoiliticit  opciculat  >m«  >  ■  < 

tlaree  arrow  /,  the  niaremal  s  on:  ted  n/o, ,  so 
arrow),  and  small  lahiatt  pton  "  a*- 


ill  I  inutile  toblhfue  wen/  slum  inn  s«  altered  urn: 
led  processes  ,/«(/  / Hini'rr ;  <</  i  ueoiaiioii 


i 
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/  inure  (  Id  I  hala 

Thalassiosira  uravitla  C'leve 

I  his  species  has  radial  rows  of  areolae,  wnh  a 
lendenev  lo  fascieulalion,  [lie  valve  diameter 
ranges  from  I  ?  ! o  Z-1  //m.  I  here  are  several  central 
strutted  processes,  which  form  a  cluster,  while  ad¬ 
ditional  processes  are  events  scattered  ovei  the 
valve  face  (big.  (  IShr)  lire  two  rows  on  the  valve 
mantle  have  somewhat  tinted  external  tubes  (I  ig. 

(  Ihh)  while  those  nearer  the  center  do  not  (l  ie. 


/>/  (  /over//'  at  same  viilw  '.how,  .  g  fluted  mammal 
'll i ui wd  />/'<K x’wi’v  dame  arrow i  and  lame  labiate 
film  ess  (small  arrow/. 

siosna  giav  ida 

(  I'M  I  liter  i  wt  1 1  v ,  none  ol  the  processes  is  cetv 
pioiiiineni:  the  strutted  processes  have  a  modified 
opcrcnla  >>vet  the  pores  m  the  basal  siliceous  mem¬ 
brane  I  he  labiale,  winch  is  both  extctnallv  and 
Intel  nail v  lar  get  t han  t he  stt  utted  pi oecsses,  nev er  - 
ilrelc"  has  ,t  short  neck  mietnallv  I  he  nnevenlv 
thickened  band  (SweM'di  l'C"i  is  noted  as  being 
char  ,k  let  isi  a  .  bn:  onlv  a  di'ooed  valvocopnla 
was  seen  alias  lied  lo  om  one  !  i  n  - 1  u  Ie  1 1  ie .  C  1  *>d  I 
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c)  Closeup  of  same  valve  showing  center  cluster  <>/  tun 
strutted  processes  ( large  arrow)  and  fasciculated  pattern  ol 
areolae. 
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h)  Closeuf >  of  sume  vulve  showing  strutted  proc¬ 
esses  utkim;  the  place  of  an  areola  //Inn  arrow/. 


figure  C20.  Thalassiosira  lemiginosa. 


Thulussiosira  lentigmosu  (Janisch)  Fryxell 
This  species  has  radial  rows  of  areolae,  some¬ 
times  irregular  and  sometimes  with  fasciculated 
row  s  of  areolae  parallel  to  a  central  row.  The  valve 
is  flat  and  disk-shaped  (f  ig.  C'2()a).  The  diameter 
reported  by  I  ryxell  (1977)  is  47-95  pm  and  by 
Hendy  (1937)  is  40-120  /<m,  while  our  specimens 
were  37  70  pm.  There  are  7-9  areolae  in  10  pm. 
The  foramen  is  external  and  the  strutted  processes 
appear  as  smaller  holes.  They  are  located  within 
the  radial  rows  of  areolae  and  occupy  almost  the 
space  of  an  areola,  as  can  be  seen  in  Figure  C2()b. 
The  marginal  strutted  processes  appear  as  small 


holes  with  a  slight  indentation  (Fig.  C20c).  The 
margin  is  serrated  and  the  number  of  girdle  bands 
is  unknown.  The  valvocopula  has  one  row  of  large 
areolae  pores  near  the  valve  with  several  rows  of 
smaller  pores  below.  Externally,  the  single  labiate 
process  appears  as  a  ridge  near  the  marpin  with  a 
slit  on  the  valve  mantle.  The  cribrum  is  internal, 
with  the  pores  in  the  cribrum  oriented  in  circles 
(I  ig.  C'20d).  Internally,  the  labiate  process  also 
appears  as  a  slit,  and  the  strutted  processes  are  al¬ 
most  flat.  The  strutted  processes  are  surrounded 
by  four  chambers  on  the  margin,  but  by  only  two 
chambers  on  the  valve  (I  ryxell  1977). 


d)  Closeup  (interior)  showing  circular  crihrum  and  strutted 
processes  (thin  arrows)  with  minimal  internal  extension. 

l  igure  C  20  (coin’d). 
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t/y  Complete  trustule  ti anile  view). 
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/)/  Interior  and  exterior  of  several  valves.  Striae  are 
evident  in  the  interior  lint  are  covered  hv  a  thin  silica 
died  on  the  outside. 


In  addition  to  the  Thalassioura  species  de¬ 
scribed  above,  we  observed  two  additional  species 
as  vet  unidentified,  and  labeled  them  Thatassio- 
sira  species  1  and  rhalassiosira  species  2.  Since  we 
observed  only  a  single  specimen  of  each,  our  ob¬ 
servations  are  limited.  Until  additional  specimens 
are  observed,  these  will  not  be  described. 
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)  Closeup  (interior)  slum  on:  striae  (M  in  III  inn), 
•.■rural  nodule  (arrow),  and  canal  ranhe 


rro/udonei.s  itlaciahs  Heiden 
Comparing  figures  C2la  and  b.  it  is  evident 
that  the  rows  of  striae  (which  are  composed  of  fine 
poroids)  visible  in  the  valve  interior  are  covered  by 
a  thin  silica  shell  on  the  evterior.  figure  C2lc,  a 
closeup  ot  the  interior,  shows  the  poroids  (31  in  10 
/nil),  central  nodule,  and  canal  raphe,  figure  (  2ld 
is  a  closeup  ot  the  evterior  view  of  the  terminal 
nodule  and  teimmal  poie,  and  figure  C  21e,  an  m- 
leitor  view,  shows  the  ml undibulum. 


0  1600 


20KU  0 . 5  U 


A  facsimile  catalog  card  in  Library  of  Congress  MARC, 
format  is  reproduced  below. 


Clarke,  D.B. 

Morphology  and  ecology  of  diatoms  in  sea  ice  from 
the  Weddell  Sea  /  by  D.B.  Clarke,  S.F.  Ackley  and  M. 
Kumai.  Hanover,  N.H.:  Cold  Regions  Research  and  En¬ 
gineering  Laboratory;  Springfield,  Va . :  available 
from  National  Technical  Information  Service,  1984. 
iv,  46  p.,  illus.;  28  cm.  (  CRREL  Report  84-5.  ) 
Bibliography:  p.  12. 

1.  Antarctic  region.  2.  Diatoms.  3.  Morphology. 
4.  Phytoplankton.  5.  Sea  ice.  6.  Taxonomy. 
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